In the course of our screening for new bioactive natural products, a culture of Hypoxylon rickii, a xylariaceous ascomycete collected from the Caribbean island Martinique, was identified as extraordinary prolific producer of secondary metabolites. Ten metabolites of terpenoid origin were isolated from submerged cultures of this species by preparative HPLC. Their structures were elucidated using spectral techniques including 2D NMR and HRESIMS. Three of the compounds were elucidated as new botryanes (1 -3) along with three known ones, i.e. (3aS)-3a, 5,5,8-tetramethyl-3,3a,4,5-tetrahydro-1H-cyclopenta[de]isochromen-1-one (4), (3aS,8R)-3a, 5,5,8-tetramethyl-3,3a,4,5,7,8-hexahydro-1H-cyclopenta[de]isochromen-1-one (5) and botryenanol (6). Further three new sesquiterpenoids featured a 14-noreudesmane-type skeleton and were named hypoxylan A -C (7 -9); the diterpenoid rickitin A (10) contains an abietanetype backbone. Compounds 1, 2, 3, 7, and 10 showed cytotoxic effects against murine cells.
Introduction
The Xylariaceae (Ascomycota) is one of the largest fungal families, comprising more than 1300 accepted species . Many members of the family are known to have an endophytic stage in their life cycle, but form fruiting bodies (stromata) only when their host is stressed or diseased . Due to their endophytic lifestyle, many Xylariaceae are constantly being isolated from plant material samples and screened at random for their production of bioactive compounds. In particular, members of the genera Daldinia and Hypoxylon are often encountered among such endophytes, and the life cycle has only been elucidated very recently, using methods of molecular phylogeny (Bills et al., 2012 , Pažoutová et al., 2013 .
Cultures of such xylariaceous endophytes, or mycelia derived from ascospores of the genus
Hypoxylon and related genera of the Xylariaceae have yielded various novel and interesting secondary metabolites in the past. Among those some compounds showed interesting bioactivity, such as the antiparasitic agents nodulisporic acid (Bills et al., 2012) and PF-1022A (Scherkenbeck et al., 2002) , the topoisomerase 1 inhibitor hypoxyxylerone (Piettre et al., 2002) , the immunomodulating dalescolols (Zhang et al., 2011) , or the selective antifungal agents hypoxysordarin (Daferner et al., 1999) and sporothriolide (Surup et al., 2014) . The fruiting bodies (stromata) of Hypoxylon and allied genera also proved to be a rather prolific source of new pigments and other secondary metabolites (Stadler and Fournier, 2006; Kuhnert et al., 2014a; Kuhnert et al., 2015; Surup et al., 2013) . Interestingly, the major metabolites from the stromata of Hypoxylon are normally different from those that are encountered in the cultured mycelia and vice versa (Stadler, 2011) .
Nevertheless, the majority of species in this extraordinarily diverse genus have never been tapped by secondary metabolite screenings, and many species have not even been cultured yet.
During our secondary metabolite screening of extracts derived from cultures of Xylariaceae, we identified the ex-epitype strain of the species Hypoxylon rickii as an extraordinarily prolific producer of secondary metabolites. More than 100 different compounds were detected in the bioactive crude extracts of this strain during preliminary studies of its secondary metabolism using HPLC-DAD/MS profiling. The fungus was therefore subjected to scale-up of fermentation in 70 litre scale, to conduct a case study on the chemical diversity of the produced metabolites. In this paper, we report the isolation, structure elucidation and biological activities of ten terpenoids (Figure 1 ), seven of which constitute new natural products.
Results and Discussion
Metabolites 1 -10 were isolated from the acetone extract of the mycelium of a single cultivation of H. rickii using RP-MPLC followed by RP-HPLC. The molecular formula of 1 was determined by HRESIMS as C 18 H 22 O 2 . The proton NMR spectrum (Table 1) revealed the presence of five methyl and one methylene groups, and four olefinic methine and one aldehyde protons, whereas the 13 C NMR spectrum (Table 1) furthermore identified one ketone, four quaternary sp 2 and two quaternary sp 3 hybridized carbons. 1 H, 13 C HMBC correlations ( Figure 2A ) established a botryane-type carbon skeleton. However, compared to dehydrobotrydienal, known from
Botryotinia squamosa (Kimata et al., 1985) , a genus that represents the sexual morph of the hyphomycete genus Botrytis, the carbon backbone was extended at C-10 by a propenyl moiety. HRESIMS of metabolite 2 provided the elemental composition C 15 H 18 O 3 . The NMR spectra (Table 1) were similar to those of 1. However, in the proton and HSQC spectra the signals for H-4, H-16, H-17, H 3 -18 were missing, while in the carbon spectrum the ketone signals of C-10 and C-15 were replaced by a carboxyl and an oxygenated methylene. 1 H, 13 C HMBC correlations from H 3 -11 to C-1, C-2, and C-3 and from H-3 to C-1, C-5, and C-11 placed a phenol function at C-4. The lactone ring closure between carboxyl C-11 and methylene C-15 was deduced from the 1 H, 13 C HMBC correlations and the deep field shifts of H a -15 and H b -15, establishing the structure of 2.
Metabolite 3 possessed the same molecular formula C 15 H 18 O 3 as 2; the proton and carbon NMR spectra (Table 1 ) of the isomer were very similar to that of 2. The structural difference is the shift of the phenol function (δ H 4.90) to C-3, which was indicated by 1 H, 13 C HMBC correlations of H-4 to C-2, C-6, and C-8 and of 3-OH to C-2, C-3, and C-4.
(3aS)-3a, 5,5,8-tetramethyl-3,3a,4,5-tetrahydro-1H-cyclopenta[de] isochromen-1-one (4), 5,5,8-tetramethyl-3,3a,4,5,7,8-hexahydro-1H-cyclopenta[de] isochromen-1-one (5) and botryenanol (6) were identified by their NMR data in combination with their elemental compositions from HRESIMS data (Collado et al., 1996; Colmenares et al., 2002) * .
from HRESIMS data. Proton and 1 H, 13 C HSQC spectra ( structures from the methylene group C-1 to C-14 and from C-12 to C-13. The structure of hypoxylan A (7) was therefore deduced from the 1 H, 13 C HMBC correlations shown in Figure 2B . H COSY and TOCSY NMR spectra indicated partial structures from C-1 to C-3 and the C-15/C-16/C-17 isopropyl moiety. The abietane skeleton was derived from the 1 H, 13 C HMBC correlations ( Figure 2C ). The relative configuration was elucidated on the basis of Compounds 1 -6 belong to the class botryane terpenoids. The name was derived from the phytopathogenic ascomycete Botrytis cinerea, from which the first members of the compound class were isolated. Many derivatives are known to have phytotoxic effects and therefore are regarded as pathogenicity factors (Deighton et al., 2001) . Meanwhile, similar metabolites were obtained from the genera Hypocrea (an ascospore isolate of a wood-degrading member of the Hypocreaceae; see Yuan et al., 2013) , as well as from the xylariaceous genera Geniculosporium (an endophyte, see Krohn et al., 2005) and a strain of an ascospore-derived isolate of Daldinia (Qin et al., 2008) . None of these genera is regarded to be pathogenic, even though the The diterpenoid 10 is a phenanthrenequinone of the abietane scaffold similar to the tanshinones.
Quinone abietanes often possess cytotoxic activity, triggered by inhibition of topoisomerase I or II (Fronza et al., 2012) , which might also be the case for Rickitin A (10). Interestingly, abietanes were to the best or our knowledge hitherto only reported as plant metabolites (see overviews by Feliciano et al., 1993; Wang et al., 2006) . Nevertheless, the core structure of abietanes is closely related to the pimaranes, which are commonly encountered in fungi. Pimaranes were even already isolated from various Xylaria species (Isaka et al., 2012; Isaka et al., 2014) , indicating that the biosynthetic pathway for tricyclic terpenoids might be common within the family.
Hypoxylans A -C (7 -9) have an unusual scaffold for eudesmane-type sesquiterpenes. This class of secondary metabolites is distributed throughout the plant family Asteraceae and these compounds show various biological activities (Wu et al. 2006) . In addition, they were isolated as metabolites of various fungi including members of the Xylariaceae (Isaka et al., 2010; Isaka et al., 2014) . Moreover, the 14-noreudesmane core structure was already reported from cultures of the basidiomycete Resupinatus leightonii (Sundin et al., 1993) , and, according to the latter reference citing an unpublished thesis, also from a Panellus species, but it was so far not found in ascomycetes. According to our preliminary biological characterisation, using a standardised test panel, the terpenoids 1 -10 were almost devoid of antimicrobial activity against various gram-positive and gram-negative bacteria as well as several fungi (Table 3) . Only 7 and 10 showed weak activity against Staphylococcus aureus, whereas 4 had a weak antifungal effect on Rhodotorula glutinis. In the cytotoxicity assay moderate activity could be observed for 1, 2, 3, 7
and 10.
Interestingly, the stromatal extracts of H. rickii (i.e, the epitype specimen described by Kuhnert et al., 2014b , as well as the type specimen in the New Your Botanical garden) had yielded virtually the same metabolites as the common European species Hypoxylon fragiforme.
Mitorubrin type azaphilones and orsellinic acid (cf. Stadler and Fournier, 2006) were the major detectable metabolites in the fruiting bodies of this species. From these data, it could not have been predicted that the mycelial culture of H. ricki would show such an extraordinary diversity of terpenoids.
While little is known as yet about the metabolic diversity of Xylariaceae, a member of their parent order Xylariales, Pestalotiopsis fici (cf. Wang et al., 2015) has recently been subjected to extensive genomic and transcriptomic studies. The impressive number of 97 gene clusters that putatively encode for secondary metabolite biosynthesis has been made out in the genome of this endophytic fungus. These results, along with the findings of the current study, demonstrate that a plethora of novel beneficial metabolites remains to be discovered from the Xylariales and in particular the Xylariaceae. Even manifold terpenoids have recently been discovered from endophytic fungi (de Souza et al., 2011) , and the genus Hypoxylon, of which most species are suspected to have an endophytic stage in their life cycle, may also prove to be an additional rich source of such compounds.
Conclusions
We isolated seven novel terpenoids belonging to three different structural families from a single cultivation of the xylariaceous fungus Hypoxylon rickii. Compounds 1 -3 are new members of the botryane family, whereas 4 -6 had been isolated previously. Hypoxyalins A -C (7 -9) are 15-noreudesmanes that could be biosynthetically related to the eremophilanes. The diterpenoid rickitin (10) is the first fungal metabolite with an abietane backbone. These results point towards a hitherto unsuspected diversity of terpenoids in the Xylariaceae -a fungal family that has so far mainly been known for its diversity of polyketides and nitrogen-containing secondary metabolites. ; including details on the suppliers of the ingredients) had revealed that, taken together, they are optimal for attaining complementary secondary metabolite profiles in filamentous ascomycetes. The submerged cultures were incubated at 23 °C in the dark on a rotary shaker at 140 rpm. Fermentation was aborted after free glucose was consumed and the pH value had passed through a minimum.
Extraction and large scale fermentation
An aliquot (20 ml) of the culture broth was mixed with 20 ml ethyl acetate and extracted in an ultrasonic bath for 30 min. The organic phase was filtered over anhydrous sodium sulphate and evaporated. The remaining crude extract was dissolved in methanol and analyzed with an analytical HPLC equipped with a diode array detector (DAD) as described by Stadler et al. (2001) . Quantity and quality of secondary metabolites was the highest in HLX and ZM/2 media.
For up-scaling purposes, HLX medium was chosen. A seed culture of the strain with a total volume of 1 l was prepared in YMG medium and incubated for 7 days. A Biostat UE 100 bioreactor (B. Braun Melsungen AG, Germany) filled with 70 l HLX medium was inoculated with the seed culture under sterile conditions. To prevent foam formation in total 20 g of Tegosipon (Evonik, Essen, Germany) was added in portions of 2 to 10 g as necessary, using an automatic supply system. The pH value was maintained between 6.0 and 6.3 using potassium hydroxide (2 N) and sulphuric acid (1 M), respectively. The temperature was set at 26 °C. The oxygen saturation was kept above a minimum of 20 %, controlled by increasing the stirrer speed of the Rushton turbine by the built-in process control system. The initial stirrer speed was set to 50 rpm and reached a maximum speed of 400 rpm, aeration rate was set to 5 Sl/min and remained constant during fermentation. The culture was harvested after 7 days as sugars (sucrose, fructose) were depleted. Thereafter, the mycelium was separated from the culture fluid by vacuum filtration to yield a total amount of 3 kg wet biomass, which was later extracted with 9 l acetone in an ultrasonic bath for 1 h. The acetone extract was filtered and evaporated to yield an aqueous phase (3.5 l), which was further processed by extraction with 3x 1 litres of ethyl acetate in a separating funnel. Subsequently the organic phases were combined, dried over anhydrous sodium sulphate and evaporated to yield 12 g of oily mycelial crude extract (ME) in total.
Isolation of the terpenoids
The ME containing all terpenoids was separated in three parts and each (4 g 
Serial dilution and cytotoxicity assay
Minimum inhibitory concentrations (MIC) were determined in a serial dilution assay carried out in a similar manner as previously described (Halecker et al., 2014) using various test organisms for antibacterial and antifungal activities. The in vitro cytotoxicity assay with the mouse fibroblast cell line L929 and the cervix carcinoma cell line KB3.1 (DSMZ no. ACC 158) was performed as reported by Surup et al. (2013) . The results of both assays are shown in Table 3 .
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